In this paper we consider the Good -Walker approach for the diffractive excitation and updated the Miettinen -Pumplin (MP) model for pp/pp collisions considering the recent LHC data for the total and elastic pp cross sections. The behavior of the total, elastic and diffractive cross sections is analyzed and predictions for the energies of Run 3 of the LHC and those of the Cosmic Rays experiments are derived. Our results demonstrate that the MP model is able to describe the current data and that it implies that the cross section for the diffraction excitation in pp collisions is almost constant in the energy range probed by the LHC and slowly decreases at higher energies. Our results indicate that the Pumplin bound is not reached at the LHC and Cosmic Ray energies. Moreover, the implications of the diffractive excitation in pA collisions is discussed. In particular, the MP model, constrained by the pp data, is used to derive the main quantities present in the treatment of the diffractive excitation in pA collisions. Predictions for the total, elastic and diffractive pA cross sections are presented considering different nuclei. We demonstrate that the effect of fluctuations decreases at larger energies and heavier nuclei. The energy dependence of the diffractive excitation cross section in pA collisions is estimated for different nuclei and compared with the predictions for the proton dissociation induced by photon interactions.
correspond to parton showers, which interact via parton -parton scattering. The LHC data for σ tot and σ el are used to constrain the energy dependence of the main parameters of the MP model, and a parametrization for this dependence is derived. Parameter free predictions for σ diff are calculated and the results are compared with the current experimental data. We demonstrate that the MP model is able to describe the data and that the contribution of the diffractive excitation slowly decreases at higher energies. Moreover, the dependence on the impact parameter (b) of the elastic and diffractive cross sections for different energies is estimated. In agreement with previous studies [24, 37] , our results demonstrate that the diffractive excitation is dominantly peripheral, with the maximum of the cross section ocurring at larger impact parameters when the energy is increased. Finally, using our results for σ tot , σ el and σ diff we compare our predictions for the ratio R(s) ≡ (σ el + σ diff )/σ tot with the Pumplin bound [48] , which established that this ratio should be smaller than 1/2. We demonstrate that R ≈ 0.35 at LHC energies, with the increasing with the energy being very slow.
For the case of pA collisions, Gribov [49] have demonstrated that the diffractive excitation gives a significant contribution for the treatment of the multiple scatterings proposed by Glauber [50] . Different approaches to include these corrections in the Glauber formalism have been formulated during the last decades. In this paper, we will consider the model proposed in Refs. [32, 34] and discussed in detail in a series of papers (See e.g. Refs. [38, 51] ). Such model is based on the Good -Walker formalism and takes into account of the cross section fluctuations. One of the main inputs in this model is the broadness of the cross section fluctuation around the average value, denoted ω σ in Refs. [32, 34] and below, which can be determined by the forward diffractive and elastic pp cross sections. From our analysis of the pp scattering using the Miettinen -Pumplin model, such quantity can be directly calculated and its energy dependence is unambiguously determined. As a consequence, parameter free predictions for the total, elastic and diffractive excitation cross sections can be obtained. We will present our predictions for the energy dependence of these cross sections considering proton -lead (pP b) and proton -nitrogen (pN ) collisions. The impact of the fluctuations in the total and elastic cross sections is estimated, and a comparison with previous results is presented. Finally, in the case of the diffractive excitation, we also compare our results with the predictions for the proton dissociation by photon -induced interactions.
The paper is organized as follows. In the next Section, we present a brief review of the Miettinen -Pumplin model and determine its main parameters using the recent LHC data. A parametrization for the energy dependence of these parameters is proposed and the predictions with the experimental data for the diffractive excitation is presented. In Section III, we discuss the inclusion of the fluctuations in the pA cross section, as proposed in Refs. [32, 34] , and the parameter ω σ and its energy dependence is determined using the MP model. Predictions for the pA cross sections are presented and the impact of the fluctuations is estimated. Finally, in Section IV, our main conclusions are summarized.
II. DIFFRACTIVE EXCITATION IN pp COLLISIONS
The model for diffractive excitation introduced by Miettinen and Pumplin (MP) [24] is based on the Good-Walker approach [16] , which consists in express the physical state of the incoming (beam) hadron |H as a superposition of eigenstates {|t k } of the scattering operatorT , which form a complete set of normalized states, such that |H = k C k |t k and ImT |t k = t k |t k with 0 ≤ t k ≤ 1 due to the unitarity. These eigenstates can only go through elastic scattering and, moreover, they interact with different intensities (eingenvalues) with the target. It is precisely these differences in the intensities that originate the diffractive excitation present in the final state of composed particles scattering. The MP model considers the eigenstates to be related to the partons inside the hadrons, and their degrees of freedom are described in terms of their impact parameter b i inside the hadron and their rapidities y i , i.e. |t k ≡ |b 1 , . . . , b N ; y 1 , . . . , y N . Each eingestates may contain N partons and the state of the incoming hadron |H is written as
One of the basic assumptions in the MP model is that the partons in the hadrons are uncorrelated, so that the probability to find such state of N partons in the wave function is given by a Poisson distribution
where G 2 is the average number of partons in the eigenstate. Moreover, the probability to find a parton is assumed to follow a Gaussian distribution in rapidity and in impact parameter
with the widths in rapidity and impact parameter, λ and β respectively, being parameters to be determined. Assuming that the partons interact independently with the target, the total interaction can be written as
where b is the impact parameter of the hadron-hadron collision and τ is the interaction probability for a single parton, considered to be given by
with, again, α, λ and A parameters to be determined. Such assumptions imply that the cross sections in the b space can be expressed in terms of the mean value and dispersion of the eigenvalues t, namely,
where the averages are taken over the probability distribution of the beam partons,
. By integrating these equations over b, we are able to calculate the energy dependence of σ tot (s), σ el (s) and σ diff (s).
The MP model implies that the cross sections are completely specified once we know the parameters λ, α, A, G 2 and β. As in the original paper [24] , we will assume that α/λ = 2 and γ/β = 2. Moreover, we will consider A = 1, in order to Eq. (5) account for the maximal probability allowed. Therefore, we are left with only two free parameters to be determined: G 2 and β. Our strategy, similar to that used in Refs. [24, 37] , is to determine these parameters from the experimental values of σ tot and σ el by means of the integrals of Eqs. (6) and (7) . Specifically, we considerably expand the analysis presented in [37] by including the data from both pp andpp scattering in the largest energy range considered so far. In particular, we will include the most recent experimental information obtained in the LHC (up to 13 TeV), and consider data at low energies ( 10 GeV). Since G 2 and β are determined simultaneously by σ tot and σ el , we selected for each energy those data that have been obtained by the same experimental group, in order to minimize the effects of systematics of different experiments. For this, we used the dataset provided by the Particle Data Group (PDG) [52] and Refs. [2, 4, 8, 10] . All selected data for pp [2, 4, 8, 10, [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] andpp [56, 60, [65] [66] [67] [68] [69] scattering are displayed in Tables I and II , respectively, together with our results for G 2 and β. The errors in the experimental data corresponds to statistical and systematic uncertainties added in quadrature and the errors in the parameters of the model were obtained from error propagation from the data uncertainties. Once we have determined G 2 and β from the experimental information, we can find analytical expressions that describe their energy dependence by fitting the G 2 and β values. Specifically, we note that G 2 presents a energy dependence very close to that showed by σ tot data for pp andpp scattering. For this reason, we consider an analytical expression inspired by Regge phenomenology:
where a, b, c and d are free parameters and s 0 = 1 GeV 2 is fixed. On the other hand, β has a linear dependence on the ln s variable. Therefore, we consider (6) and (7). References of experimental data are also shown.
with β 0 and β 1 to be determined from the fit. For energies above 10 GeV, the values of G 2 and β for pp andpp are consistent within uncertainties, therefore we consider the data of both reactions as being of the same. 
The fit to G 2 points present a reduced χ 2 of 0.836 for 31 degreed of freedom (d.o.f) while for the fit to β we have 0.875 for 33 d.o.f., indicating that our choices for the parametrization describe successfully the energy dependence of the parameters of MP model. Using our parametrizations for G 2 and β we are able to calculate the energy dependence of pp andpp cross sections. The results are presented in Fig. 1 , where we compare our predictions with the available data for σ tot , σ el [3-6, 8, 10, 52] and for single dissociation (SD) cross section [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] . We have that the MP model, is able to describe the current experimental data. In particular, the experimental data for the diffractive cross section, which was not considered in the fitting of the parameters, is quite well described. In Table III , we summarize the predictions for these cross sections at energies of the LHC and cosmic rays experiments. The values of σ tot and σ el derived using the MP model are in agreement with predictions of other approaches. For instance, the σ tot from the analysis performed in Ref. [79] are 112.1 ± 1.3 mb at 14 TeV, 143.4 ± 2.8 mb at 57 TeV and 156.2 ± 3.6 mb at 95 TeV, while for σ el (considering a combination of these predictions with those obtained in [80] ) we have 31.05 ± 0.67 mb, 45.0 ± 1.3 mb and 51.2 ± 1.6 mb at 14, 57 and 95 TeV, respectively. For the diffractive cross section, we predict that the cross section for √ s = 14 TeV will be almost identical to that measured in the Run I of the LHC. Finally, it is also interesting to note that the total cross section for pp scattering in the MP model behaves assimptotically as σ tot ∼ β ln G 2 . Therefore, with our choices of G 2 and β, we have σ tot ∼ ln 2 s, in accordance with the Froissart-Martin bound [81, 82] . One of the important characteristics of the MP model is that it also allow us to study the energy evolution of the cross sections in the impact parameter space. The elastic and diffractive differential cross section as a function of b are presented in the left and central panels of Fig. 2 , respectively, from Tevatron to cosmic rays energies. We observe that the elastic scattering is mainly central and its magnitude increases with the energy, approaching the black disc limit, although it is not yet saturated at 57 TeV. In contrast, the diffractive dissociation becomes more peripheral with its maximum moving to larger impact parameter as the energy increases. We also note the decrease of the magnitude of this cross section from lower to higher energies. Finally, in the right panel of Fig. 2 , we present the evolution with energy of the ratio R(s) = (σ el + σ diff )/σ tot , where the cross sections are those of Eqs. (6)- (8) 
III. DIFFRACTIVE EXCITATION IN pA COLLISIONS
Our goal in this Section is to extend our previous analysis for proton -nucleus collisions. The extrapolation of results from pp to pA collisions is generally performed using the Glauber formalim [50] , which assumes that the projectile nucleon travel along straight lines undergoing multiple elastic collisions with the nucleons in the target. As pointed by Gribov [49] , such formalism disregard the diffractive excitation of the intermediate nucleons, which gives a significant contribution for the total and elastic pA cross sections. We will include the contribution of the diffractive excitation using the formalism formulated in Refs. [32, 34] , which is based on the Good -Walker approach (For a review see Ref. [51] ). As in the GW approach, the incoming hadron state is expressed as a superposition of the eigenstates of the scattering operator. The basic assumption in Refs. [32, 34] is that each of these eigenstates interacts with the target with its own cross section σ, with the probability of interaction being given by P (σ, s). As a consequence, the total, elastic and diffractive pA cross sections can be expressed as follows (6)- (11), and comparison with the available experimental data. where Γ A is the profile function for the pA scattering, given by
Here η is the ratio of the real to the imaginary part of the forward pp elastic scattering amplitude (which, given that it is small at high-energies, we shall consider η ≈ 0), and T (b) is the thickness function of the nucleus
with b being the impact parameter of the pA scattering, s a vector in the b-plane, B(s) the forward slope of the pp differential elastic cross section and ρ A the single nucleon distribution. For heavy nucleus, we will consider the Wood-Saxon distribution
where ρ 0 is a normalization constant (calculated to have ρ normalized to 1) and the parameters R 0 and a are available in Ref. [83] . The main input in the Eqs. (12), (13) and (14) is the probability distribution P (σ, s), which is parametrized by [32, 34] 
where the parameters N , σ 0 and Ω are energy dependent and are constrained by the moments of the distribution, which are assumed to satisfy the following properties
where σ tot is the total pp/pp cross section and ω σ , which is related to the broadness of the cross section fluctuations, is expressed in terms of the diffractive and elastic pp/pp cross sections as follows [34] 
In what follows, we will use the results derived in the previous Section, obtained with the Miettinen-Pumplin model, to constraint the parameters present in P (σ, s) and to calculate ω σ . Moreover, the intrinsic preditive power of MP model that follows from our parametrizations for G 2 (s) and β(s), Eqs. (9)- (11), allows to calculate of ω σ for any desirable energy, and consequently, to estimate the energy dependence of the total, elastic and diffractive pA cross sections. In fact, from the MP model, we have
where
η = (γ + β)/(γ 2 + 2γβ), µ = 2β/(γ 2 + 2γβ), b = |b| and φ is the polar angle of b (analogous for b ′ and φ ′ ). Using the parameters constrained in the previous Section, the resulting energy dependence of ω σ is presented in Fig. 3 together with some values for this quantity estimated by Guzey and Strikman (GS) in Ref. [38] . We have that our predictions are, in the average, similar to those presented in Ref. [38] , as well the behavior predicted for the energy dependence. At low-energies, ω σ rises with energy, as expected from Regge phenomelogy [34] and at high-energies it decreases and tends to zero. Therefore, asymptotically the cross section fluctuations ceases, which is expected to occur in the black disc limit.
In order to estimate the pA cross sections we will consider the predictions for the total pp/pp cross sections derived using the MP model. Moreover, we will assume that the slope of the amplitude B(s) is given by B(s) = 11.21 − 0.176 ln(s/s 0 ) + 0.0372 ln 2 (s/s 0 ), (27) where the parameters are given in GeV −2 and have been constrained using the recent LHC data. Moreover, we assume s 0 = 1 GeV 2 . In Fig. 4 we present our predictions for the energy dependence of the total and elastic cross sections considering proton -lead (pP b) and proton -nitrogen (pN ) collisions 1 . For comparison, we also present the results obtained without cross section fluctuations, i.e. using the standard Glauber formalism. Moreover, for pP b collisions, we also show the results reported in Ref. [38] . We see that the effects of the fluctuations is stronger at lower energies and heavier nuclei. As already expected from the results for ω σ , the impact of the fluctuations become less important at high-energies. Our predictions for pP b collisions are similar to those derived in Ref. [38] , mainly at smaller energies. The difference between the predictions at higher energies arises from the different inputs used to constrain the probability parameters. Here we considered σ tot from the MP model and B(s) ∼ ln 2 s, while in Ref. [38] the authors have used σ tot from a fit by Donnachie and Landshoff [84] and assumed B(s) ∼ ln s.
Finally, we can estimate the magnitude of the diffractive excitation in pA collisions at high energies. Our predictions are presented in Fig. 5 for proton -lead, proton -argon (pAr) and proton -nitrogen scattering and are represented by the red solid lines. For comparison, we also present in the pP b case, the predictions derived in Ref. [38] . We have that the diffractive excitation cross section increases with the atomic nuclei and decreases with the energy, in agreement with the results derived in Ref. [38] . In Ref. [38] the authors have pointed out that the electromagnetic contribution for the diffractive excitation in pA collisions becomes important. The basic idea is that in ultraperipheral collisions, the nucleus acts as a source of photons which interact with the proton [85] . This contribution can be estimated in terms of the nuclear photon flux (n A ) and the photon -proton cross section (σ γp→X ) as follows:
where ω is photon energy. In our calculations we consider the same inputs used in Ref. [38] and the resulting predictions are represented in Fig. 5 by blue dashed curves. We have that the electromagnetic contribution increases with the energy and the atomic number, being dominant for pP b collisions. For pAr collisions, both contributions are similar at the LHC energies. Finally, it is important to emphasize that the electromagnetic contribution becomes dominant in pN collisions at ultra high cosmic ray energies.
IV. SUMMARY
The contribution of the diffractive excitation for the hadronic processes is directly related to the treatment of the internal degrees of freedom of the hadrons. During the last decades, several approaches have been proposed. In this paper we have considered the Good -Walker approach and updated the Miettinen -Pumplin (MP) model considering the recent LHC data for the total and elastic pp cross sections, as well older experimental data. We have demonstrated that this model is able to successfully describe the current data and a parametrization for the energy dependence of the main parameters of the MP model was proposed. The behavior of the cross sections for higher energies is analyzed and predictions for the energies of Run 3 of the LHC and those of the Cosmic Rays experiments have been derived. Our results demonstrated that the cross section for the diffraction excitation in pp collisions is almost constant in the energy range probed by the LHC and slowly decreases at higher energies. Moreover, our results indicated that the Pumplin bound is not reached at the LHC and Cosmic Ray energies. We also have presented our results for the diffractive excitation in pA collisions, as well have analyzed its impact on the predictions of the total and elastic cross sections considering different nuclei. The MP model, constrained by the pp data, have been used to derive the main quantities present in the treatment of the diffractive excitation in pA collisions. We demonstrated that the effect of fluctuations decreases at larger energies and heavier nuclei. Moreover, our results indicated that the proton dissociation induced by photon interactions becomes dominant with the increasing of the energy and the atomic number. scattering as a function of the energy in the center of mass system. The cross sections due hadronic cross section fluctuations are represented by red solid curves and those from photon-induced interactions by blue dashed curves. In the pP b case, the points represent the predictions for the diffractive excitation derived in Ref. [38] .
